Introduction
Nutritional imbalance becomes more severe with the progress of the disease in chronic renal disease due to decreased dietary intake while the need for adequate dieatry intake increases with increased nutrient losses and catabolism [1] . Up to 40 % of patients with renal failure have been known to be malnourished, which is associated with increased morbidity and mortality in this population. There are two major types of malnutrition in chronic renal failure [2] . One is associated with inflammation and atherosclerotic cardiovascular disease (MIA syndrome). The other one is diet-induced, which is related to low protein and energy intake. A type of malnutrition, which is so-called protein-energy malnutrition (PEM), affects functional changes in early stages. The signs of the malnutrition manifest laboratory and/or anthropometric changes as follows; reduced total body mass (reduced lean body mass and fat mass, weight loss), low total body nitrogen, low concentrations of visceral proteins (serum albumin, pre-albumin, transferrin, and other visceral proteins), low alkali-soluble protein in muscle, as well as abnormal plasma amino acids and intracellular amino acid profiles [3, 4] . PEM is also associated with the impaired immune response, leading an increase in susceptibility of severe or even fatal infectious complication, which has been linked to increased mortality in these populations [5] . In contrast to the former type of malnutrition, this type can be reversed with adequate nutritional support. Unless malnutrition is adequately treated, the patient's nutritional status will become more serious. In this context, it is not too excessive to say that success of dialysis therapy depends on adequate and appropriate nutritional management.
The National Kidney Foundation Kidney Disease Outcomes Quality Initiative (K/DOQI) Clinical Practice Guidelines for nutrition in chronic renal failure suggest guidelines for dietary energy intake (DEI) and dietary protein intake (DPI) for hemodialysis patients [5] . Generally, the DEI has been recommended as 35 and 30-35 kcal/kg BW/day for patients younger than 60 years of age and older than 60 years of age, respectively. DPI has been recommended as 1.2 g/kg BW/day to prevent protein depletion and to maintain positive nitrogen balance. It has also been recommended that at least 50% of dietary protein should be of high biological value. Furthermore, well-balanced meals for adequate provision of various nutrients should be eaten.
However, previous studies have reported that the DEI and DPI in hemodialysis patients are frequently compromised to a great degree [6] [7] [8] [9] . The factors contributing to dietary insufficiencies in this population is multifactorial, which includes dietary restriction for remedy, anorexia induced by uremic toxicity, functional alterations in gastrointestinal system, fatigue, psychological problems and emotional stress. Kim et al. demonstrated lower intake of dietary calories (28.8 ± 5.82 kcal/ kg BW/day) in hemodialysis patients [10] . In the same study, hemodialysis patients consumed adequate amount of dietary protein (1.38 ± 0.41 g/kg BW/day) but the consumption of high biological value of protein (less than 30 % of recommended intake) did not meet the recommendation. In Kawakami et al.'s study, only 26% of the hemodialysis patients have been found to have an adequate amount of essential nutrient and the ratio of essential amino acid to total protein [11] . They emphasized well-balanced meals with adequate calorie intake on a daily basis to prevent malnutrition under hemodialysis, especially for those following low-protein diets. It has been reported that vitamin C, some carotenoids, potassium and dietary fibers are consumed less than the recommended amounts in hemodialysis patients compared with individuals not receiving dialysis [12] . Kalantar-Zadeh and their colleges discussed that one of the reason for inadequate intake of these nutrients might be potassium restricted diets which could lead to reduced fruit and vegetable intake. Some studies have also demonstrated that the nutritional status of hemodialysis patient is poor due to their limited food diversity, which was affected by changed food preferences and appetite [13] [14] [15] . Hemodialysis patients may have more monotonous diet patterns, which have them consuming lower dietary energy and protein, resulting in the deterioration associated with diet-induced malnutrition [16] .
There is growing evidence, focused on the association between dietary intake and nutritional status, supporting the hypothesis that nutritional inadequacies may predispose patients to an increase in mortality [3] . Therefore, prudential assessment of nutrient intake is vital to assure a patient's current nutritional status. Assessment of diet quality is fundamental to evaluate nutrient adequacy and balance among the nutrients. Although there are a number of studies that have investigated nutrient intakes of hemodialysis patients, there is lack of studies evaluating diet quality using diet quality indices, such as mean adequacy ratio (MAR), index of nutritional quality (INQ), and diet quality index-international (DQI-I) in hemodialysis patients.
In this current study, we aimed to highlight major problematic areas contributing to poor nutritional status by examining http://dx.doi.org/10.7762/cnr.2015.4.1.46 diet quality, especially adequacy and balance, in hemodialysis patients. We conducted a cross-sectional study and assessed dietary intake and examined diet quality using validated diet quality indices, including the MAR and INQ score and DQI-I.
Materials and Methods

Subjects
Sixty-three subjects who received maintenance hemodialysis treatment three times a week for at least three months were recruited from the Artificial Kidney Center in Kyung Hee Medical Center (Seoul, Korea) from June 2009 to October 2010. They were in stable condition without hospitalization with any currently active systemic disease or acute infectious disease during three months prior to the study. Subjects with active cardiovascular disease, advanced liver or gastrointestinal diseases, malignancies under chemotherapy and/or radiotherapy, and any superimposed acute illness in the previous three months were excluded.
The subjects who participated in this study provided informed consent. The study was approved by the Institutional Review Board of Kyung Hee Medical Center (IRB No: KMC IRB 0908-03).
Data collection
General information
The subjects' general characteristics (gender, age, dialysis duration, and underlying and concomitant disease) were investigated using constructive questionnaires. The experience of nutrition education (yes/no), difficulty in following dietary recommendations (yes/no) and self-evaluated diet compliance scoring (0-100 points) were also investigated. Self-reported appetite was evaluated with the Appetite and Diet Assessment Tool (ADAT) (very good/good/fair/poor/very poor) [17] [18] [19] .
Evaluation of diet quality
Nutrient intakes. To determine day-to-day variation in nutrient intakes, three-day diet records (a dialysis day, a nondialysis day, and a day of weekend) were obtained and verified through face-to-face interviews by a registered dietitian. The subjects were carefully instructed how to record the amounts of ingested foods and snacks by household measures and were how to take the measures of the utensils before starting food recording. The food items and the amounts of food in the diet records were ascertained again, and all food records were analyzed by the same dietitian using the Computer Aided Nutritional Analysis Program version 3.0 (The Korean Nutrition Society, Korea). Dietary energy and protein were normalized to body weight to estimate adequacies of intake.
MAR and INQ. Twelve nutrients (protein, vitamin A, B 6 , and C, thiamin, riboflavin, niacin, folate, calcium, phosphorous, iron and zinc) were determined for nutrient adequacy ratio (NAR) estimation. The NAR was calculated as the actual intake of a nutrient divided by the recommended nutrient intake for hemodialysis patients, except for niacin, calcium and iron [5, 20, 21] . Because the recommended intakes for niacin, calcium and iron were not suggested for hemodialysis patients, the Dietary Reference Intakes for Koreans (KDRIs, 2005) for those nutrients were used to calculate the NAR [22] . The MAR was calculated as a measure of overall nutrient adequacy, whereas the MAR is the sum of each NAR divided by the number of nutrients [23] . To estimate the MAR, each value of the NAR was limited not to exceed 1.0, so that nutrients with a high NAR could not compensate for nutrients with a low NAR [24, 25] . For both the NAR and MAR, a value of 1.0 indicates that the intake of nutrient is equal to the recommended intakes, and a MAR below 1.0 indicates lower than the recommended intake for one or more nutrients [26] . The INQ is one of nutritional quality indices based on the nutrient density of diets [27] . To determine an INQ value for each nutrient, the recommended intakes of each nutrient were converted into an allowance per 1,000 kcal. After that, the actual intake of each nutrient per 1,000 kcal of actual energy intake was divided by each recommended intake per 1,000 kcal.
DQI-I. The DQI-I was used for an overall measure of diet quality [28] . The DQI-I is composed of four major categories: variety, adequacy, moderation, and overall balance. In variety section (0-20 points in total), overall food group variety (0-15 points) and within-group variety for protein source (0-5 points) are evaluated. In adequacy section (0-40 point in total), adequacies for 3 major food group (vegetable, fruit, and grain) and 4 specific nutrients (fiber, protein, iron, calcium and vitamin C) are evaluated by scoring 0-5 points for each item. In moderation section (0-30 points in total), total fat, saturated fat, cholesterol, sodium, and empty calorie foods were included (0-6 points for each). In overall balance (0-10 points), macronutrient ratio (0-6 points) and fatty acid ratio DQI-I score ranging from 0 to 100 (0 being the poorest and 100 being the highest possible score).
Statistical analysis
All of data were summarized using descriptive statistics with Microsoft Excel program and the SPSS program (Version 18.0, SPSS Inc., Chicago, IL, USA). The mean ± SD values are presented for continuous variables, and the counts and percentages are presented for categorical variables.
Results
General characteristics
The general characteristics of the 63 hemodialysis subjects are shown in Table 1 . The subjects' mean age was 55.3 ± 11.9 years (range: 24-79). The duration of hemodialysis treatment was 3.8 ± 4.4 years. The most frequent underlying renal diseases were diabetic nephropathy (38.7%), hypertensive nephrosclerosis (30.2%), and chronic glomerulonephritis (22.2%). The percentage of subjects who concomitantly had diabetes and hypertension were 41.9% and 83.9%, respectively.
Approximately half (54%) of the subjects had experience of individual nutritional counseling from a registered clinical dietitian after they started hemodialysis. However, all of the study participants answered to have an experience to take nutritional education as a group in the hospital. Approximately 78% reported that they felt difficulty following the dietary recommendation for hemodialysis patients. When they evaluated their diet compliance by themselves, they scored 51.3 ± 24.3 points out of a maximum score of 100. 38% of the subjects had a diet compliance score below 50 points (data not shown). In regards to self-reported appetite, 38.1%, 30.2%, and 31.8% of patients were have very good or good, fair, and poor or very poor appetite, respectively. Table 2 represents the daily nutrient intakes of the subjects. The mean values of the DEI and DPI were 21.9 ± 6.7 kcal/kg BW/day and 0.9 ± 0.3 g/kg BW/day, respectively. The subjects consumed 47.3% of the total protein intake in animal protein.
Adequacy of DEI and DPI
The dietary intakes of minerals, including potassium (1,780.0 ± 632.8 mg/day), calcium (372.3 ± 174.3 mg/day), phosphorus (681.2 ± 237.2 mg/day), iron (9.2 ± 3. 1 mg/day) and zinc (6.0 ± 1.9 mg/day) appeared to be lower than the recommended levels. Sodium intake (3,037.9 ± 1,243.6 mg/day) was predominantly higher compared with the recommended level.
Approximately sixty percent of the subjects consumed food such that their DEI and DPI was less than 75% of the dietary recommended intakes (DRIs) for hemodialysis patients (Table 2) . More than 50% of the subjects consumed vitamin A, thiamin, riboflavin, vitamin C, niacin, folate, potassium, calcium, zinc and dietary fiber at levels less than 75% of DRIs. The mean intake of folate was especially lower than the recommended amount for hemodialysis patients. All of the subjects consumed folate at less than 75% of the DRI. Figure 1 shows the NAR and INQ of 12 nutrients in the subjects. The mean values of NAR for any nutrient did not reach 1.0, indicating that these 12 nutrients were consumed less than the recommended amount. The overall nutrient adequacy presented by the MAR was 0.66 ± 0. 15, which indicates that the subjects consumed only approximately 60% of the recommended intake level of nutrients in their diets (data not shown). Nutrient density, expressed in INQ, appeared to be approximately 1.0, which means that consumption of each nutrient per 1,000 kcal almost satisfied the individual requirements for each nutrient. It can be postulated that the reduced overall nutrient intakes might be due to low calorie intakes. However, the INQ of folate (0.6 ± 0.2) and calcium (0.8 ± 0.5) still appeared to be significantly low, indicating that the amounts of folate and calcium DRIs: dietary recommended intakes. Note) Actual intake was compared to dietary recommendation for hemodialysis patients, except for niacin, calcium and iron. The recommended intakes for niacin, calcium and iron were not suggested for hemodialysis patients so that for KDRIs (The Korean Nutrition Society, 2005) were used as recommended intakes for these nutrients. The recommended intakes for niacin, calcium, and iron for healthy adult population are as follows. * Niacin is 16 mg/day for men and 14 mg/day for women; † Calcium 700 mg/day is for men and 700-800 mg/day for women; ‡ Iron is 10 mg/day for men and 14 mg/day (20-49 years) and 9 mg/day (over 50 years) for women.
http://dx.doi.org/10.7762/cnr.2015.4.1.46 intake per se were low, regardless of calorie intake.
Overall nutrient adequacy and balance
The DQI-I scores, which serve as an overall measure of diet quality, are shown in Table 3 . Because a cut-off value for poor diet quality was not suggested, the percentage of the full score of each item was presented, and a value of less than 60% was considered relatively problematic for diet quality [28] . In variety, the mean score for the within-group variety for protein source was 2.7 ± 1.2 / 5, which did not reach 60% of full score (54% of full score). The score of adequacy was 23.7 ± 4.5 / 40 (59% of full score). The most problematic subcategories in adequacy were the adequacy of fruit group consumption at 1.4 ± 1.2 / 5 (28%) and calcium 1.9 ± 1.0 / 5 (38%). The scores for adequacy of fiber (2.6 ± 1.0 / 5, 52% of full score) and vitamin C (2.6 ± 1.3 / 5, 52% of full score) also appeared to be lower than 60% of a full score. Interestingly, the protein adequacy score was closest to a full score (98%). The score of moderation was 22.9 ± 3.8 (76%), whereas the score of overall balance was only 2.8 ± 1.7 / 10 (28%), indicating the most problematic DQI-I area in these subjects.
Discussion
This study examined the major factors contributing to poor nutritional status in hemodialysis patients by examining their diet quality using NAR, INQ, and DQI. We confirmed that hemodialysis patients had insufficient dietary intake in a considerable number of areas, including energy and protein as well as various essential nutrients. In addition, poor intake of overall nutrients was attributable to inadequate energy intake.
Many studies have reported that dietary intakes of energy and protein in hemodialysis patients were insufficient compared with the recommendations [12, 29, 30] . Similar to the previous studies, the intakes of energy (21.9 ± 6.7 kcal/kg BW/ day) and protein (0.9 ± 0.3 g/kg BW/day) were considerably low in this study [5] .
One of the interesting findings of the current study is the discrepancy between the NAR and INQ, which are representatives of the adequacy and density for a specific nutrient, respectively. For example, the protein intake amounts were low; however, the density of dietary protein per energy was almost close to the dietary recommendation. These results suggest that a low amount of PDI might be attributable to a reduced energy intake. This indicates that DPI can be ensured to be adequate if energy intake reaches the recommended level.
There is evidence that energy intake is more important than protein intake in determining the nutritional status in hemodialysis patients [6] [7] [8] [9] . An insufficient energy intake, even in the face of adequate protein intake, can be result in a negative nitrogen balance in hemodialysis patients. That is, inadequate energy intake may mitigate the potential benefit of an adequate protein intake because ingested protein as well as somatic protein deposit may be catabolized for energy. Therefore, the low consumption of both dietary energy and protein in this study might lead hemodialysis patients to have a high substantial and potential risk for diet-induced malnutrition.
In this study, we examined the overall adequacy of essential nutrients intake using a dietary quality measurement tool, the DQI-I. Consumption of essential nutrients, such as vitamin A, C, thiamin, riboflavin, niacin, folate, calcium, phosphorus, zinc and dietary fiber, were inadequate among most subjects. More than 60% of the subjects consumed these nutrients at less than 75% of the dietary recommended levels for hemodialysis patients. In terms of adequacy of foods, the consumption of vegetable and fruit groups was especially low compared with other food groups.
Our findings are consistent with dietary characteristics in individuals with renal failure that have been previously reported. Kalantar-Zadeh et al. [12] investigated characteristics of diets in hemodialysis patients using a food frequency questionnaire (FFQ). They found hemodialysis patients consumed lower amounts of vitamin C, K, some carotenoids, and dietary fibers. A study by Faccini et al. [31] indicated that patients with endstage renal disease (ESRD) had significantly lower intakes of potassium, calcium, and phosphorus. The findings from studies by Block et al. [32] and Clermont et al. [33] also demonstrated a low level of vitamin C among ESRD patients.
From the findings of the previous studies and the present Empty calorie foods 0 -6 3.8 ± 1.8 63
Overall balance 0 -10 2.8 ± 1.7 28
Macronutrient ratio 0 -6 1.7 ± 1.2 28
Fatty acid ratio 0 -4 1.1 ± 0.9 28
Diet Quality Index-International (DQI-I), which is composed of four categories, variety, adequacy, moderation, and overall balance, was used for diet quality evaluation. The scores of each item in four categories of DQI-I was summed in total DQI-I score. Total DQI-I score was ranged from 0 (the poorest) to 100 (the highest). The higher score of DQI-I was, the better diet quality was. * Mean ± SD.
http://dx.doi.org/10.7762/cnr.2015.4.1.46 study, the following can be speculated. First, hemodialysis patients are exposed to traditional dietary restrictions in potassium that may lead to a reduction in the consumption of vegetables and fruits, which, in turn, results in reduced intake of vitamins and minerals. Such dietary patterns may contribute to exacerbation of nutritional status in hemodialysis patients [34] [35] [36] [37] . Second, hemodialysis patients have monotonous meal patterns that might contribute to a reduced variety of overall types of foods. In this study, approximately 50% of the subjects consumed daily single food items within each food group, especially fruit, meat, and fish group (data not shown). Third, insufficient energy intake, most of all, might cause inadequacy of the essential nutrient intakes in hemodialysis patients. In this study, nutrient adequacy, the scores of NAR and INQ, and the differences before and after adjustment of energy intake, were evaluated. The results indicate that the absolute amount of nutrient intake did not meet the recommended level, but nutrient density per energy was adequate compared with the recommended level. This suggests that sufficient energy intake is important for providing essential nutrients and increases in nutrient intake can be ensured by increasing energy intake. Poor appetite is the most influential contributing factor to poor intake in hemodialysis patients. Patient with chronic renal disease frequently experience anorexia, which develops during the progression of the disease [19, 38] . In this study, almost 70% of the subjects reported impaired appetite. Appetite was positively correlated with DEI (r = 0.33, p < 0.01, data not shown). Poor appetite was closely associated with malnutrition, inflammation and unfavorable health outcome in patients with maintenance hemodialysis [1] . Therefore, strategies for appetite increases also should be developed to encourage sufficient energy intakes by hemodialysis patients.
Another reason for inadequate energy intake might be the difficulty in following the recommended diet. Hemodialysis patients should follow the prescribed diet therapy, which commonly includes low-sodium, low-potassium and low-phosphorus diets. These diets can cause patients to face difficulty in choosing foods and to lose appetite subsequently. A study by Kim et al. [39] reported that only 30-40% of hemodialysis patients followed their prescribed diet therapy related to restrictions of sodium, potassium and fluid. In this study, more than 70% of hemodialysis patients complained of having difficulty following the dietary recommendations. It can be interpreted that difficulty with following diet therapy might be one of main barriers to appropriate and adequate energy as well as nutrient intakes in hemodialysis patients. Health care providers should pay attention to controlling the modifiable factors influencing diet insufficiency in hemodialysis patients. Along with the monitoring of nutrient adequacy, whether prescribed diet therapy is appropriately upheld should be closely monitored through diet counseling and frequent reinforcement of what has been previous instructed.
The strength of this study is that, to our knowledge, this is the first study investigate overall diet quality using comprehensive diet quality indices. Study results are noteworthy in that insufficient energy intake was a main contributable factor to inadequacies in dietary protein and overall essential nutrients, which was accompanied by inappropriate use of food items in hemodialysis patients. This study also contributed to identify the barriers to inadequate dietary intake, demonstrating diminished appetite and feeling difficulty following diet therapy may result in inadequacy and nutrient intake imbalance.
The study limitation is that there was no control group for a comparison of the nutrient adequacy and overall diet quality. However, this limitation is somewhat mitigated by identifying the problems of dietary quality in the manner of comprehensive approach using 3 validated diet indices such as NAR, INQ and DQI-I. The assessment of the diet quality using such diet indices compared with the recommendations provides the current status of dietary characteristics of hemodialysis patients more clearly as a preliminary information for further indepth and large study. We have a plan to implement further in-depth studies to identify the barriers to inadequate nutrient intakes in hemodialysis patients.
Our findings have three major implications. First, careful evaluation of the DEI for each individual with maintenance hemodialysis therapy is required to meet the individual nutritional requirements. Second, hemodialysis patients should be encouraged to increase their DEI to achieve overall nutrient adequacy through effective diet education and monitoring. Third, close attention should be paid to the consumption of various food sources for ensuring nutrient balance through individualized nutritional education because the essential nutrients are not all found in a single food item but come from a diet composed of a number of food groups. Furthermore, the hemodialysis patients with complications such as diabetes might encounter challenges in following more strict diet therapy and encounter more difficulty with choosing foods. The older patients also might have difficulty in preparing their meals with variety of foods, which might be due to limited awareness and cognitive deficit. To ensure adequate dietary intake in these vulnerable groups, the development and introduction of more specific recipes with selected foods should be performed so that the patients could be motivated and more easily to adapt to their recommended diet therapy. Above all, tailored nutritional education and counseling thorough nutritional assessment by a clinical dietitian must be incorporated in clinical treatment.
